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^ (57) Abstract: A webbing tension sensing unit (10) which includes a base (120) and a cover (130) and an elastically biasing element 
(160) mounted within the base and cover. The webbing of, for example, a seat belt (140) is operably connected to a sensor (170) also 
O housed within the base and cover. The sensor detects movement in relation to elastically biasing element and generates electrical 
^ signals in proportion to the movement as a function of the tension in the webbing. The signals are used for analysis as part of a 
r system to determine if devices such as an air bag or warning light should be triggered. 
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WEBBING TENSION SENSOR 

BACKGROUND OF THE INVENTION 

The present invention relates to a webbing tension sensor and more 
particularly to a webbing tension sensor that detects changes in the tension within a 
5 webbing, for example, a seat belt webbing, to enable operation of safety and other 
devices. 

Most vehicles today are equipped with safety devices. One of the earliest and 
arguably most effective of these devices is the seat belt. Historically, as automobiles 
became increasingly pervasive, it soon became apparent that people riding in 

1 0 vehicles had a much better chance of surviving a crash if they remained with the 

vehicle. Early race car drivers pioneered the use of safety restraints, and eventually 
this important safety feature made its way into the consumer market as the seat belt. 
Seat belt use is mandatory in many states in the United States. 

Now many other safety devices such as air bags and crash warning systems 

15 are becoming more commonplace. One of the difficulties associated with the 

operation of these devices is determining when they need to activate. Air bags have ' 
been particularly troublesome due to the explosive reaction necessary to deploy them 

^ in an effective time period. Children and smaller adults have been injured and even 
killed by a deploying air bag. It is essential for all these safety devices to operate 

20 reliably and at the proper time. Many methods have been employed in the past to 

meet these requirements and because seat belt use is becoming pervasive, it is natural 
for manufacturers of vehicles and safety devices to exploit seat belt tension as a way 
to determine the need for further action. 
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Seat belt tension is affected by accelerating forces, many of which are 
generated in an emergency situation. Designing a simple, low cost device that 
reliably measures seat belt tension has proven difficult. Past devices generally 
include many moving parts with sensitive components which are difficult to 
5 calibrate. The same is true of other devices which utilize an internal mass to detect 
accelerating forces. Additionally, special mounting brackets must be used to equip 
the vehicle with the prior art devices. 

There is a need for a simple, yet reliable device that is compact, easy to 
calibrate and does not require specialized mounting anchors, to monitor seat belt 
1 0 tension in order to trigger safety and other devices in response to changes in seat belt 
tension. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a reliable seat belt tension 
sensing unit that has relatively few moving parts. It is another object of the present 
1 5 invention to provide a seat belt tension sensing unit that is inexpensive to 
manufacture. 

It is yet another object of the present invention .to provide a seat belt tension 
sensing unit that can be used without modifying the webbing anchors currently used 
by a seat belt. 

-30 - It is a further object of the present invention to provide a seat belt tension 

sensing unit that uses a small number of springs to detect the tension in a seat belt. 

It is yet a further object of the present invention to provide a seat belt tension 
sensing unit that uses a hall effect sensor that is easily calibrated in order to decrease 
the manufacturing tolerances required for reliable use thereby decreasing the cost to 

25 produce the unit. 
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It has been found that the objects of the present invention can be met by a seat 
belt tension sensing unit that includes a hinge arm pivotally connected to a base. The 
hinge arm is elastically biased against a segment of seat belt webbing, that passes 
through an opening in a cover which encloses the unit. As the tension changes in the 
5 webbing, a hall sensor detects the movement of a magnet attached to the hinge arm. 
Signals generated by the hall sensor are used for analysis as part of a system to 
determine if the air bag should be deployed in an emergency. 

It has been further found that the objects of the present invention can also be 
met by a seat belt tension sensing unit that includes a fixed anchor portion and a 
1 0 movable anchor portion and at least one elastic element such as a spring. The elastic 
element is moveably mounted between the fixed and movable anchor portions. Seat 
belt webbing is connected to the movable anchor portion and a sensor detects the 
movement of a magnet that moves with the movable anchor portion as a function of 
the tension in the webbing. Signals generated by the sensor are used for analysis as 
1 5 part of a system to determine if the air bag should be deployed in an emergency. 

Other features and advantages of the present invention will become apparent 
from the following description of the invention which refers to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
«20 Figure 1 is an external perspective showing the top view of a first 

embodiment of the present invention. 

Figure 2 shows a cut-away view arranged according to a first embodiment of 
the present invention. 

Figure 3 is a top view of a first embodiment of the present invention with the 
25 cover removed. 

Figure 4 shows a cut-away view detailing the placement of the sensor. 
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Figure 5 is a bottom view of the hinge ami. 

Figure 6 is an external perspective view of a second embodiment of the 
present invention. 

Figure 7 is another external perspective view rotated 90° from Figure 6. 
5 Figure 8 is a perspective view with the cover removed to show the details of a 

second embodiment of the present invention. 

Figure 9 is another perspective view with the cover removed and rotated 90°. 
Figure 10 is a close-up view of the Hall sensor and magnet. 
Figure 1 1 is a cut-away side view according to an embodiment of the present 
10 invention. 

Figure 1 2 is a close-up view of the floating magnet holder according to the 
embodiment of the present invention. 

DETAILED DESCRIPTION OF EMBODIMENTS OF THE INVENTION 

Referring to Figures 1-3, a first embodiment of a seat belt tension sensing 
1 5 unit is shown generally as 1 0 includes a seat belt webbing 140 which passes through 
an opening in a cover 130 that protects and encloses unit 10. A base 120 provides a 
stable platform for attaching a hinge arm 1 50 and a spring 1 60, which are preferably 
the only moving parts in this embodiment of the present invention. One end of the 
base 120 and cover 130 are clamped together on the webbing 140 to keep the unit in 
<fi0 place. On the opposite end, the webbing 140 is free to move. 

Hinge arm 150 includes two pivot pins 210 which are resiliency held in place 
by pivot guides 190. Pivot guides 190 can be molded from the same material as base 
120 or can be mounted to base 120 as separate assemblies. Hinge arm 150 is free to 
rotate around pivot pin 210 which allows hinge arm free end 230 to move in response 
25 to variations in the tension within seat belt webbing 140. 



WO 02/44679 



PCT/US01/25795 



-5- 



Hinge arm free end 230 is elasticaUy biased towards seat belt webbing 140 by 
spring 160. Spring 160 is preferably a coil spring, but it is understood that any 
resilient elastic material may be used to urge hinge arm free end 230 against seat belt 
webbing 140. For example, a sheet metal spring or even a magnetically repulsive 
5 arrangement of two like pole magnets could provide the necessary biasing to urge 
hinge arm free end 230 against seat belt webbing 140 without departing from the 
spirit of the invention. 

Referring now to Figures 4 and 5, a sensor, preferably a hall effect sensor 
170, is used to detect movement of hinge arm free end 230. The sensor preferably is 
10 mounted immovably with respect to the base 120 or on base 120 or on cover 130. A 
permanent magnet 200 is embedded or otherwise attached to one end of hinge arm 
free end 230. Other arrangements are acceptable including mounting hall effect 
sensor 170 on hinge arm free end 230 and mounting magnet 200 on base 120 or 
cover 130. This makes connecting hall effect sensor 170 more difficult, but it is 
15 within the scope of this invention should that configuration be desirable. 

In an embodiment, hall effect sensor 170 fits into sensor slot 240 formed in 
cover 130. In this way, hall effect sensor 170 is protected and reliably positioned 
proximate to magnet 200. 

Wires 250 electrically connect hall effect sensor 170 to the desired devices 
20 (e.g., air bag or warning light). Wires 250 are secured using a strain relief 1 80 to 
^ protect them from being stretched or compressed while in use. A wiring harness 1 1 0 

protects wires 250 and is joined to strain relief 1 80. A connector 100 is used to 
facilitate assembly of seat belt sensing unit 1 0 in the vehicle (not shown). 

Referring to Figures 3 and 5, spring 160 rests between a hinge arm Spring pin 
25 220 and a base spring pin 260 (Figure 2). These pins are sized to fit within the 
internal diameter of the spring 1 60. These act to hold spring 1 60 in place while 
allowing hinge arm 1 50 to move as the tension in seat belt webbing 140 changes. 
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The edge of hinge arm free end 230 is at least partially rounded to allow seat belt 
webbing 140 to slide without binding. 

In operation, seat belt tension sensing unit 10 is arranged so that seat belt 
webbing 140 passes between cover 130 and base 120. Hinge arm 150 is pressed 
5 upward contacting a portion of webbing 140 interior to cover 130. Hinge arm 1 50 
causes webbing 140 to move downward under normal operating conditions. The 
movement of hinge arm 150 is detected by Hall sensor 170. The signal detected by 
Hall sensor 1 70 is used for analysis as part of a system to determine whether or not to 
deploy an air bag should an emergency braking occur. In a situation such as 
10 emergency brakings the increased tension in webbing 140 forces hinge arm 1 50 to 
move down as the webbing straightens. 

A second embodiment of a webbing sensor unit is shown in Figures 6-12. A 
seat belt sensor unit is shown generally as 20, and includes a base 3 1 0, a top cover 
3 18, a fixed anchor 300 and a movable anchor member 305. Fixed anchor 300 can 
15 be used to anchor seat belt sensor 20 to a fixed mounting support located in a vehicle 
(not shown). Both cover and base (310 and 3 18) are preferably made of plastic, but 
any suitable material may be used. 

Referring to Figure 1 1, fixed anchor 300 has two components, a top anchor 
layer 300b and a bottom anchor layer 300a Mounting hole 385 is designed to fit 
20 over a mounting bolt (not shown) to securely attach unit 20 to the vehicle. Top and 
«~ bottom anchor layers 300a and 300b are bent and joined together using rivets 340 

disposed on the left and right ends to securely hold fixed anchor 300 together. An 
interior spring chamber 390 is formed between top anchor layer 300b and bottom 
anchor layer 300a with portions of the chamber 390 being closed off by moveable 
25 anchor 305. Anchor 300 is preferably made from steel, but any suitable material may 
be used as long as an anchor 300 is strong enough to withstand the forces of applied 
to anchor 300 during high stress events. 
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Referring now to Figures 9 and 1 1 , a portion of moveable anchor member 
305 fits within interior spring chamber 390. The left end of moveable anchor 
member. 305 is connected to seat belt webbing 140. Bolts or other fastening methods 
are well known in the art to connect moveable anchor member 305 to webbing 140. 
5 The portion of moveable anchor member 305 that fits within interior spring chamber 
390 is cut out to provide a cutout space 395 that accommodates at least one spring 
320 and the interior vertical end portion of fixed anchor 300. As moveable anchor 
member 305 moves away from fixed anchor 300 due to tension in webbing 140, 
springs 320 are compressed as will be described in more detail below. 

10 In the embodiment shown, three springs S20 are disposed within cutout space 

395. Cutout space 395 is formed to produce a space to accommodate springs 320 
and the vertical end out fixed anchor 300. Springs 320 fit between a moveable 
spring rest 336 formed by the trailing inner edge of cutout space 395 and a fixed 
spring rest 330 formed by the vertical portion of fixed anchor 300. A spring cover 

15 322 may be used to keep spring 320 from rattling, quieting the operation of unit 20. 
Other methods of quieting springs are known such as coating springs 320 with a soft 
compound. Additionally, it may be desirable to pre-load springs 320 by slightly 
compressing them between moveable spring rest 336 and fixed spring rest 330 to 
eliminate rattling. 

20 It is desirable to limit the movement of moveable anchor member 305 in 

order to prevent crushing or otherwise destroying the springs 320 disposed within 
cutout space 395. Motion stops 324 are used to limit the motion of moveable anchor 
member 305. As motion stops 324 make contact against fixed spring rest 330, 
further movement is prevented before damaging springs 320, 

25 Referring now to Figures 7, 8 and 1 0, in order to measure the change in 

tension of web 140, a Hall sensor 170 is mounted to portion of top anchor 300b 
which is covered by hall sensor cover 350. This provides a fixed position for Hall 
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sensor 1 70 allowing accurate readings of the movement of moveable anchor member 
305. In order for Hall sensor 170 to detect the tension in webbing 140, a magnet 200 
is mounted inside top cover 3 1 8 in close proximity to Hall sensor 170. Top and 
bottom covers (3 18 and 3 10 respectively) are firmly attached to moveable anchor 
5 member 305 so that as moveable anchor member 305 moves due to changes in the 

tension of seat belt webbing 140, magnet 200 moves as well. In this way, Hall sensor 
170 is able to convert the linear motion of moveable anchor member 305 into an 
electric signal that can be used for analysis as part of a system to determine if the air 
bag should be deployed in an emergency. A standard connector 100 as discussed in 
1 0 the previous embodiment is used to connect Hall sensor 1 70 to the electrical system 
of the vehicle (not shown). 

Referring now to Figures 8, 10 and 12, it is desirable to precisely align 
magnet 200 with Hall sensor 170. Any movement of magnet 200 not associated with 
changes in the tension of webbing 140 can be misinterpreted by Hall sensor 170. 
1 5 Changes in temperature, for example, may cause magnet 200 to move relative to Hall 
sensor 170 which can result in false readings. To minimize this kind of fluxation, 
magnet 200 is preferably mounted in a floating magnet holder 360. As shown 
specifically in Figure 12, magnet 200 is mounted within floating magnet holder 360 
and moveably rests within a Hall holder 355. Both floating magnfet holder 360 and 
20 Hall holder sensor 355 are made from similar materials having similar thermal 
— expansion properties. Floating magnet holder 360 rests against two contact points, a 

fixed contact point 370 and a moveable contact point 380. A wave spring 375 
supplies the required biasing force urging a flexible contact point arm 365 against 
floating magnet holder 360. Floating magnet holder 360 moves as top cover 3 1 8 
25 moves in response to changes in web tension. 

In operation, seat belt tension unit 20 is connected using fixed anchor 300 to a 
seat belt mounting bolt in a vehicle. Moveable anchor member 305 fits within 
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interior spring chamber 390 and is able to slide back and forth within chamber 390. 
As the tension in seat belt webbing 140 increases, moveable anchor member 305 
moves away from anchor 300 and compresses springs 320 elastically retained 
between chamber 390 and cutout space 395. As the tension increases, springs 320 
5 are further compressed until reaching a maximum point at which motion stops 324 
make, contact with fixed spring stop 330. 

To detect the tension in webbing 140, Hall sensor 170 is mounted to anchor 
300 and includes a connector 100 to allow Hall sensor 170 to communicate with the 
vehicle's electrical system. Floating magnet holder 360 and magnet 200 is mounted 
10 to top cover 318. Top cover 318 is connected to moveable anchor member 305 and 
joined to bottom cover 3 10 to protect and cover internal components of unit 20. 
Magnet 200 moves in response to the tension in webbing 140 and the linear 
movement of magnet 200 is interpreted by Hall sensor 170 as tension. 

Because the alignment of magnet 200 with respect to Hall sensor 170 is 
1 5 critical, magnet 200 is fitted within a floating magnet holder 360 which is made of a 
material with similar properties as Hall sensor holder 355. In this way, any change 
due to thermal expansion is minimized. Additionally, since magnet 200 is 
constrained to move linearly by fitting between Hall sensor holder 355 and contact 
points 370 and 380, any torque applied will be prevented from causing false tension 
20 readings. 

~. Of course other configurations are possible such as mounting hall sensor 1 70 

to moveable anchor member 305 and mounting magnet to fixed anchor 300 to 
provide the necessary relative motion between hall sensor 170 and magnet 200 and 
are considered to be within the scope of the present invention. Utilizing a hall sensor 

25 to interpret tension as a function of linear motion is well known in the art and the 
above configuration is just one example of a possible arrangement of a hall effect 
sensing unit. Other configurations (i.e. an integrated circuit containing the sensor 
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and all the associated electrodes required) are possible and The 
only requirement with respect to the sensor used is that it converts the linear motion 
of webbing 140 into an electric impulse which is proportional to the tension. 

The normal operating range of seat belt tension unit 20 is between 1 to 30 
5 pounds. It is preferred that motion stops 324 engage at around 40 pounds of pull. 

It is important that seat belt sensor unit 20 be able to withstand at least 1 000 
pounds and still operate reliably over its normal operating range of 1 to 30 pounds. 
Also, to ensure safe operation of the seat belt restraint system (not shown), seat belt 
tension unit 20 must be able to withstand at least 3600 pounds of force without 
10 catastrophically failing. If a force of over 1000 pounds (but under 3600 pounds) is 
applied to seat belt tension unit 20, the tension sensing function ceases to operate. 
However, the user is still restrained. It is expected that a seat belt tension unit that is 
subjected to a force exceeding 1000 pounds will be replaced. 

Although the present invention has been described in relation to particular 
1 5 embodiments thereof, many other variations and modifications and other uses will 
become apparent to those skilled in the art. Therefore, the present invention should 
be limited not by the specific disclosure herein, but only by the appended claims. 
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WHAT IS CLAIMED IS : 

1 . A webbing tension sensing unit comprising: 
a base; 

a hinge arm pivotally connected to the base; 

a biasing element disposed between the base and the hinge arm 
5 wherein the hinge arm is elastically biased against a webbing passing over a free end 
of the hinge arm; and 

a sensor for detecting motion of the hinge arm in response to a change 
in tension in the webbing. 

2. The webbing tension sensing unit of claim 1 , wherein said biasing 
element is a spring. 

3 . The webbing tension sensing unit of claim 1 , further comprising: 
a cover; 

said cover defining a gap between the base and the cover whereby the 
webbing passes therethrough. 

4. The webbing tension sensing unit of claim 1, wherein the sensor is a 
hall effect sensor. 

5. The webbing tension sensing unit of claim 4, further comprising: 

a magnet mounted on the hinge arm and operatively coupled to the 
hall effect sensor wherein the change in tension in the webbing results in a changing 
magnetic field that is detected by the hall sensor. 
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6. The webbing tension sensing unit of claim 2 further comprising: 
a hinge arm spring pin; 

the hinge arm spring pin being generally centrally disposed on the free, 
end of the hinge arm; 
5 a base spring pin; 

the base spring pin being generally centrally disposed on the base and 
substantially aligned with the hinge arm spring pin so that the spring is movably 
retained therein. 

7. The webbing tension sensing unit of claim 1 , wherein the sensor is 
mounted on the base. 

8 . The webbing tension sensing unit of claim 1 , wherein the webbing is a 
seat belt 

9. A webbing tension sensing unit comprising: 
an anchor; 

a moveable anchor member attached to a webbing and slidably 
connected to the anchor; 
5 at least one biasing element elastically mounted between the anchor 

^ and the moveable anchor member structured and arranged so that when the moveable 

anchor member slides with respect to the anchor, the at least one biasing element is 
elastically deformed in relation to a tension force in the webbing; and 

a sensor for detecting a movement of the moveable anchor member 
1 0 with respect to the anchor. 



1 0, The webbing tension sensing unit of claim 9, further comprising: 
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a cover attached to the moveable anchor member wherein the at least 
one biasing element is enclosed by the cover. 

1 1 . The webbing tension sensing unit of claim 1 0, further comprising a 
magnet disposed' on the cover; and 

the magnet being operably coupled to the sensor. 

12. The webbing tension sensing unit of claim 1 1 , wherein the sensor is a 
hall sensor. 

1 3 . The webbing tension sensing unit of claim 9, wherein the at least one 
biasing element is a spring. 

5 14. The webbing tension sensing unit of claim 13, wherein the spring 

includes a spring cover structured and arranged to reduce noise produced by the 
spring. 

1 5 . The webbing tension sensing unit of claim 1 0, further comprising: 
magnet holder disposed within the cover structured and arranged to 

1 0 maintain a precise distance from the sensor. 

16. The webbing tension sensing unit of claim 1 5, further comprising: 

a sensor holder attached to the anchor structured and arranged to hold 

the sensor. 
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17. The webbing tension sensing unit of claim 1 6, wherein both the 

1 5 sensor holder and the magnet holder are made from materials having substantially 
similar coefficients of expansion. 

1 8 . The webbing tension sensing unit of claim 9 further comprising: 
motion stops disposed between the anchor and the moveable anchor 

member structured and arranged to prevent the at least one biasing element from 
20 moving past a specified point. 



19. The webbing tension sensing unit of claim 9 wherein the webbing is a 
seat belt. 
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